We performed cytogenetic analysis on triploid Cobitis hybrid specimens from a natural diploid-polyploid population in the Bug River (Poland). Chromosomes were examined by fluorescence in situ hybridization method (FISH) with 28S rDNA as a probe. The rDNA sites were commonly identified in the terminal position of p arms of two small submetacentric chromosomes, in the centromere area of two acrocentric chromosomes and in the terminal position of q arm of one acrocentric chromosome. Some of the observed signals were stronger than others. In few cases, one small acrocentric chromosome showing rDNA sites located terminally on both p and a q arm was observed. This study brings useful information about polymorphism of 28S rDNA sites regarding their number, location and size in triploid specimens. Moreover, it gives preliminary data for comparison with similar researches on the parental species of Cobitis hybrid females, viz. C. taenia, C. taurica and C. tanaitica, and other related Cobitis taxa of different ploidy level. The present study increases our knowledge about ribosomal genes inheritance between Cobitis species and their polyploid hybrids.
Introduction
The genus Cobitis is widely distributed in Central and Eastern Europe, where it includes at least four species (C. taenia L., 1758; C. elongatoides Bacescu & Maier, 1969; C. tanaitica Bacescu & Maier, 1969; C. taurica Vasil'eva, Vasil'ev, Janko, Ráb & Rábová, 2005) and their polyploid hybrid forms (Vasil'ev et al. 1989; Ráb et al. 2000; Mezhzherin & Chudakorova 2002; Boroń 2003; Janko et al. 2005; Boroń et al. 2006; Vasil'ev & Vasil'eva 2008) . The Cobitis species and their polyploid hybrid forms are morphologically very similar, and nonmorphological parameters are required to distinguish them. Among others, one of the most effective and commonly used taxonomic tool contributing to the identification of species and hybrid forms is cytogenetics (e.g, Szlachciak & Boron 2003; Vasil'ev et al., 2007) . Most of the studies published so far contain data on the chromosome number and karyotype of Cobitis taxa. In a few recent papers there are data on the chromosome structure of some Cobitis species obtained by classical chromosome banding and/or by molecular methods (Boroń 1999; Boroń & Kotusz 1999 Ráb et al. 2000; Rábová et al. 2001 Rábová et al. , 2004 Saitoh 2003; Janko et al. 2005 Janko et al. , 2007 Boroń et al. 2006) . However, little cytogenetic information is available for polyploid Cobitis taxa (Boroń & Danilkiewicz 1999; Rábová et al. 2004; Boroń et al. 2006) .
Diploid-polyploid Cobitis population inhabiting the Bug River, in the Vistula River basin (Poland) is one of the most intensively cytogenetically investigated population. Apart from the spined loach C. taenia (males and females), this population is dominated by triploid hybrid females, co-existing with rare tetraploid hybrids of both sexes (Boroń 2001 (Boroń , 2003 . Analyses of the chromosome banding patterns (C-banding, AgNORs, CMA 3 positive sites) revealed that the chromosome set of triploid females is composed of the haploid chromosome set (n = 24) of C. taenia probably combined with the diploid set of C. tanaitica (2n = 50) (TTanTan) or C. taurica (2n = 50) (TTauTau). However, C. tanaitica has not been observed so far in the Bug River (Boroń 2001 (Boroń , 2003 . Molecular investigation showed that the genome composition of triploid hybrids from the Bug River came from three following species: C. elongatoides, C. taenia and C. taurica (ETTau) (Janko et al. 2007 ).
In the present paper we describe, for the first time, the chromosomal 28S rDNA patterns in triploid Cobitis females from a diploid-polyploid population of the Bug River. These data are discussed in the frame of previous publication concerning the spined loach C. taenia from the same population (Boroń et al. 2006 ).
Material and methods
In the present study we performed cytogenetic analysis on thirteen triploid Cobitis hybrid specimens from a natural c 2014 Institute of Zoology, Slovak Academy of Sciences Mapping of 28S rDNA sites in Cobitis allotriploids 537 diploid-polyploid population in the Bug River (Poland). All fishes were caught by net and transported to the laboratory. With regards to the genomic constitution of triploid hybrids from the Bug River, we based on the data given by Maciak et al. (2011) . Metaphase chromosome slides were made according to the method described by Ráb & Roth (1988) slightly modified (Boroń 1999) . FISH with human 28S rDNA sequences as a probe (Fujiwara et al. 1998 ) after labeling with biotin-16-dUTP by nick translation (Roche) was performed with RNase-pretreated and formamide-denaturated chromosome slides, followed by hybridization with 150 ng of the rDNA probe, per slide. Subsequent to post-hybridization washing (37 • C, 20 min), chromosome slides were subjected to detection with avidin-FITC (Roche) and counterstained with DAPI (4 ,6-diamidino-2-phenylindole) in Vectashild (Vector). Hybridization signals in at least 10 metaphase plates of each individual were observed under an Olympus BX 51 fluorescence microscope using an Olympus IB filter for single colour FISH, and the images were captured with color CCD camera ColorView IIIu (Soft Imaging System). A Nikon Eclipse 90i fluorescence microscope equipped with ProgRes MFcool camera (Jenoptic) was also used for capturing the images. FISH images were processed using Cell B ver. 2.3. software (Soft Imaging System) and Lucia ver. 2.0 (Laboratory Imaging).
Voucher specimens are preserved frozen at the Department of Zoology, University of Warmia and Mazury in Olsztyn, Poland.
Results and discussion
The range from two to six of 28S rDNA signals were observed among 239 analyzed metaphase plates. The most common hybridization pattern consisted of five signals located at peri-centromeric position on two couple of submetacentric chromosomes and two acrocentric chromosomes, and at peri-telomeric position on the q arms of one acrocentric chromosome.
Commonly (in 65% of metaphase plates) five NORchromosomes have been visible on two small submetacentric chromosomes and two acrocentrics in the centromere area expanded on shorter arms and at terminal position of q arms on one acrocentric chromosome ( Figs  1A, B, E) . A variant hybridization pattern was observed in the 24.6% of the metaphases of two specimens. In those cases an interesting double-sided r-DNA bearing chromosome (indicated by the white star in Figs 1C and D and shown as a schematic diagram in Fig. 1F ), additional with respect to the common pattern, was highlighted by FISH. A certain size dishomogeneity was observed among signals.
In many cases, cytogenetic analysis using FISH technique with ribosomal probes is an efficient tool in genome investigation (Alexandre & Martins-Santos 2006; Ross & Peichel 2008; Nicodemus-Johnson et al. 2011; Lee et al. 2011 ) and a source of data for fish species identification (Kirtiklis et al. 2010) . In the present study we have used this technique to find cytogenetical markers of allotriploid Cobitis females useful to compare them with those which characterized the parental species. The genome constitution of triploid hybrids investigated in this study can be described using the abbreviation ETTau. It means that the genome of these triploid fish raised as a consequence of hybridization process among three following species: Cobitis elongatoides, C. taenia and C. taurica. The same genome constitution of triploid hybrids from the Bug River (Poland) has been previously reported also by Janko et al. (2007) , and then it has been confirmed in investigations conducted by Maciak et al. (2011) .
Cytogenetic analysis performed in this investigation showed that the 28S rDNA sites localized mainly on five chromosomes of triploid Cobitis females, characterized by different intensity and size. Two intensity distribution patterns of 28S rDNA fragments are observed in the chromosome plates investigated herein. Moreover, we found a double-sided rDNA -bearing chromosome ( Figs 1C, D, F) . Chromosome with a similar pattern has been described in the spined loach C. taenia, both males and females from the same population in the Bug River, which were commonly characterized by five NOR sites. One signal (sometimes two) was located in the telomeric position on the long arm in an acrocentric chromosome, the rest of them were located in the pericentromeric regions of the acrocentric chromosomes (Boroń et al. 2006) . Similarly, one acrocentric chromosome with 28S rDNA signal has been observed in all individuals of C. taenia from an exclusively diploid population in Klawój Lake (Boroń et al. 2006 ). Additionally, these authors reported that individuals of C. taenia from the Bug River have also been characterized by one acrocentric double-sided chromosome with CMA 3 -positive sites located at the telomeric and centromeric region.
On the other hand, based on the Ag-NOR technique, in the karyotype of C. elongatoides we can find from two to three chromosomal pairs possessing ribosomal sites as follow: one medium metacentric, one small and one large submetacentric pair (Ráb et al. 2000) . Additionally, the polymorphic NOR phenotype has been reported by these authors. Unfortunately, we have not found in the literature any data regarding distribution of any part of the major rDNA unit in the karyotype of C. taurica.
The chromosomes of triploid Cobitis females have not yet been investigated by FISH technique, but Boroń (1999) used Ag-staining in order to detect 45S rDNA sites. According to Boroń (1999) the rDNA fragments were distributed at the telomeric position on the shorter arms of one medium-sized submetacentric and one metacentric chromosome, as well as on two subtelocentric chromosomes. Additionally, the NOR sites described formerly varied in size, similarly as described in this paper.
Differences in the number of rDNA sites in the present paper and the Ag-NOR staining are due to inability of detecting inactive NORs in the preceding interphase by the Ag-NOR staining. Moreover, FISH method is much more useful tool for detection of rDNA sites then Ag-staining because it could point at some small fragments of rDNA, completely invisible by the classical method. Apart the high efficiency of FISH, this technique has also some limitations and sometimes could not enable to detect all rDNA clusters. It could be interpreted as a result of unequal crossingover on the homolog chromosomes associated with the presence of transposable elements, where the length of rDNA fragments could be modified (Pearson et al. 2005; Boroń et al. 2006) . Another way to clarify the situation with undetectable ribosomal gene loci is probably sequence elimination, often associated with the activities of repetitive DNA fragments (Ma & Gustafson 2005) . On the other hand, additional small rDNA loci detected on the chromosomes could be an effect of the expression among variable number of repeats at different chromosomal locations (Ghigliotti et al. 2012) . All of the mechanisms mentioned above could be helpful in explaining the chromosomal rDNA variation observed in our study.
The double-sided chromosome observed in the investigated triploid karyotypes was also described by Boroń (1999) in triploid female specimens of the spined loach from the natural population (from the Bug River) and among chromosomes of C. taenia diploid males. Thus it seems to be a peculiar chromosome linking to diploid male genome of C. taenia. The occurrence of this double-sided chromosome in polyploid genome could be an effect of genome fusion under an interspecific hybridization process between C. taenia and other Cobitis taxa. We do not know whether it is a speciesspecific or just population-specific feature, thus the fact needs to be investigated in further studies conducted on samples from different populations.
In conclusion, the observed variation in the distribution patterns and location of 28S rDNA sites can be a result of genetic diversity of triploid Cobitis specimens. Thus, the results obtained in this paper suggest that this marker, successfully-used in the analysis of diploids (Boroń et al. 2006) , does not sufficiently characterize the allotriploid Cobitis specimens.
